Findings obtained using different approaches indicated the occurrence of genomic size variations within V. faba. Significant differences in the basic amount of nuclear DNA (up to 34.6 per cent) between 39 local populations collected from the Mediterranean Basin were observed by means of Feulgen/DNA cytophotometry. By contrast, no difference in genome size was found when five commercial varieties were compared. Dot blot hybridization of FokI V. faba repeats to genomic DNAs showed up to fourfold differences in the redundancy of these sequences in the nuclear DNA of different accessions. In agreement with the cytophotometric findings, a significant, positive correlation was determined between the DNA contents of populations and the copy numbers of DNA sequences related to FokI repeats. Significant differences between accessions were found in the length of the chromosome complement at metaphase, and these differences were particularly apparent in certain chromosome pairs. A positive correlation was found between the length of the complement and the genome size of the populations. These results are discussed in relation to other data in the literature on intraspecific nuclear DNA changes.
tntroduction
Today, there is a growing consensus of opinion that proliferation or deletion of nuclear DNA sequences does not occur only in the case of divergence and evolution of species. Indeed, many results obtained in different materials have shown that fluid domains, which are capable of rapid quantitative changes, may exist in the genome. These DNA domains, which are generally made up of repeated sequences, possibly occur more commonly, and express their ability to vary more frequently, in plant genomes than in animal genomes (reviewed for plants by Walbot & Cullis, 1985; Cionini, 1989; Bassi, 1990; Cullis, 1990; NagI, 1990) .
Redundancy variation of DNA sequences may accompany certain developmental processes. It has been suggested that they play a regulatory role in development (Frediani et a!., 1994 and references therein) . Intraspecific alterations of the basic amount of nuclear DNA may also correlate with differing environmental factors; thus, these alterations have been explained as adaptive (Ceccareffi et a!., 1992 and references therein). This view seems to be supported *Correspondence by results indicating that quantitative changes in nuclear DNA can affect various phenotypic characters at the cellular and organismal level (Ceccarelli et a!., 1993 and references therein).
Because they may be of great biological importance and since many of their aspects are poorly understood, the above-mentioned genomic changes deserve thorough investigation. These changes have been shown to occur in many plant species (see Cavallini & Natali, 1991 ), but we do not know to what extent they are of common occurrence. The DNA sequences involved in the variations do not seem to be the same in different instances. To quote but two examples, certain medium repeated sequences mainly show redundancy variations in Helianthus annuus (Natali et al., 1993) , while quantitative differences in the nuclear DNA between populations of hexaploid Festuca arundinacea are mainly the result of changes in a fraction of highly repeated sequences (Ceccarelli et a!., 1992) . The chromosomal organization of varying DNA sequences, as well as the mechanism by which intraspecific alterations in genome size and organization are produced and controlled, are almost entirely unknown.
We investigated the nuclear DNA changes in Vicia faba by studying a number of local populations collected from the Mediterranean Basin. Results are reported of DNA cytophotometry, karyometry and molecular hybridization experiments using tandemly repeated FokI sequences, already shown to be frequent in the V. faba genome (Kato et al., 1984) .
Materials and methods

Plant material
Seeds of 39 accessions of Vicia faba were kindly provided by the Istituto del Germoplasma, CNR, Ban, Italy. The seeds were washed in tap water and germinated in damp vermiculite under sterile conditions at room temperature in the dark. The main root and shoot apices of the seedlings were fixed in ethanolacetic acid 3:1 (v/v) or in 10 per cent neutral formalin to be used for DNA cytophotometry. Lateral roots to be squashed for karyological analyses were treated with a 0.05 per cent aqueous solution of coichicine (Sigma) for 4 h at room temperature and fixed in ethanol-acetic acid. The roots of plantlets grown for 15 days in water changed twice a day under the same conditions as above were collected and used for DNA extraction.
Cytophotometry
Fixed root or shoot apices of seedlings were treated with a 5 per cent aqueous solution of pectinase (Sigma) for 1 h at 37°C and squashed under a coverslip in a drop of 45 per cent acetic acid. The coverslips were removed by the solid CO2 method and the preparations were Feulgen-stained after different hydrolysis durations in N HC1 at 60°C: 8 mm for those made with material fixed in ethanol-acetic acid and 20 mm for those made with formalin-fixed material. After staining, the slides were subjected to three 10 mm washes in SO2 water prior to dehydration and mounting in DPX (BDH Tandem arrays of FokI repeats about 300 bp in length were isolated from V. faba genomic DNA by digestion with Sau3AI and RsaI restriction endonucleases, and subcloned in pBS-vectors, as described by Maggini et al. (1994) .
Dot blot hybridization and calculation of sequence copy numbers
Replicated samples of 50, 25 or 12.5 ng of genomic DNA were suspended in 10 1uL of TE buffer and applied to a Zeta Probe (Bio-Rad) filter using the Minifold I apparatus (Schleicher and Schuell). On the same filter, 5 x 108, 5 X 10, or 5 x 1010 copies of FokI sequences were also delivered (FokI dilution spots).
The filter was heated at 80°C in a vacuum oven for 2 h, prehybridized for 5 h using 0.2 mL cm2 of hybridization buffer (5 X SSC, 0.1 per cent N-lauroylsarcosine, 0.02 per cent SDS, 1 per cent blocking reagent) and then hybridized for 10 h using 0.025 mL cm2 of hybridization buffer containing 200 ng of freshly denatured FokL repeats which were labelled with digoxigenin-11 -dUTP (Boehringer) using a random primed DNA labelling kit (Promega). After hybridization, filters were washed twice for 5 mm at room temperature with 2 X SSC containing 0.1 per cent SDS and twice for 15 mm at 65°C with 0.1 x SSC containing 0.1 per cent SDS. Immunological detection of digoxigenin haptens in DNA-DNA hybrids was performed using a DigDNA detection kit (Boehringer). Densitometric scanning of the coloured spots was performed using an LKB 2202 Ultro Scan laser densitometer. The amounts of absorbance of the incident 590 nm laser beam were then measured with an LKB 2210-062 potentiometric recorder and used to evaluate the relative colour development and therefore the relative amounts of hybridization of the spotted DNA to the labelled probe. The linear regression equation relating the natural logarithm of the copy number of FokI repeats in the dilution spots and the natural logarithm of the corresponding densitometric readings was used to calibrate the relationship between the copy number of the sequence probed in the samples of V. faba genomic DNA and the amount of absorbance as detected densitometrically.
Karyometry
For the karyological analyses, the meristems of coichicine-treated and fixed roots were Feulgen-stained and then squashed and mounted as described above. The lengths of metaphase chromosomes were measured on microphotographs. The data obtained were converted into microns by comparison with microphotographs of a micrometric slide.
Results
Cytophotometry
All the cytophotometric data given below were obtained from material fixed in ethanol-acetic acid. populations, and are in agreement with the cytophotometric findings. Indeed, the positive, significant (P0.0127) correlation shown in Fig. 2 proves that the redundancy in the nuclear genome of DNA sequences related to the FokI repeats is higher the larger is the basic DNA content of the accessions as determined cytophotometrically (Table 1) .
Karyometry
All local populations studied were found to be diploid (2 n = 2x = 12). The occurrence of supernumerary chromosomes, never reported in V. faba, or recurrent aneusomaty in the accessions were not observed. Table 4 contains data obtained by measuring on microphotographs of metaphase plates the length of each chromosome pair of the complement, which consists of a long, satellited, submetacentric (M) pair and five subtelocentric (5) pairs. The total length of the complement differs significantly between the seven populations differing in genome size. Differences in length, all of which go in the same direction within each accession, occur in all the chromosome pairs.
However, by observing the coefficients of variation given in Table 4 , it appears that the extents of length 
Discussion
Results obtained using different approaches indicate that changes in the nuclear DNA affecting the C-value differentiate local populations of V. faba. Indeed, the The latitudes and longitudes of the places of origin of the seeds are indicated. meristem of each of five seedlings per accession.
Twenty prophases were analysed in the root (Table 1) , find confirmation in those of molecular hybridization experiments, showing that tandemly-repeated DNA sequences may be differently represented in the genomes (Fig. 1 and Table 3 ). The existence of intraspecific quantitative variations in the nuclear DNA is further suggested by the results of karyometry, indicating that significant differences between populations may occur in the lengths of their chromosome complements (Table 4 ). The linear correlations existing between these data (Figs 2 and 3) may be regarded as further proof of their reliability. Thus, V. faba can be added to the number of species within which variations in genome size and organization have been found (see Cavallini & Natali, 1991) . Our findings are in line with evidence reported for other species which shows that domains that are capable of intraspecific fluidity do exist in the genome of plants (see Introduction). Redundancy variations of sequences in these DNA domains may differentiate even plants within a population, as in Dasypyrum villosum (Frediani eta!., 1994) and individuals within a single progeny of homozygous plants, as in Helianthus annuus (Natali eta!., 1993) .
As well as in D. villosum (Frediani et a!., 1994) , H.
annuus (Cavallini et a!., 1986; Natali et al., 1993) , Festuca arundinacea (Ceccareffi et a!., 1992), Pisum sativum and several other plant species (see Cavallini & Natali, 1991) , repetitive DNA is involved in these genomic changes. Our results point out a particular family of repeated sequences which represent a considerable portion of the nuclear genome of V faba (Table 3) . On this point, our findings are in agreement with those of Kato et a!. (1984) , who calculated that there are 5 X 106 to 5)< 10 copies of FokI elements per diploid genome. However, when comparing the range of variation of these repeats (Table 3) with the differences in DNA content between accessions as assessed cytophotometrically (Table 1) , it appears that modulations within other families of DNA sequences must be involved in the creation of the genome size variations within V. faba. The positive correlation between the length of metaphase chromosomes and the basic DNA contents of the accessions (Fig. 3) Fig. 2 Correlation between the copy number of sequences related to the FokI DNA repeats in the haploid genome (1C) of the seven local populations in Fig. 1 and their basic DNA content as determined by cytophotometry (Table 1) .
ments of the chromatin superstructure that these alterations may induce (see Vogt, 1992 and references therein). Length differences between accessions occur to different extents in different chromosome pairs (Table 4 ). This suggests that redundancy variations of the same DNA sequences do not take place to the same extent in all the chromosomes and/or that variations concern DNA sequences which are not present in all the chromosomes, as in the case of FokI repeats, which are located only inS pairs (Yakura eta!., 1987) . Also in the light of the finding that the genome size of European accessions differs significantly from that of African accessions, it seems proposable that quantitative changes in the nuclear genome of V. faba play some role in environmental adaptation. Also in other species, this biological role is strongly suggested by the existence of correlations with such environmental factors as latitude or altitude (see Cavallini & Natali, 1991) , temperature (as in F. arundinacea; Ceccarelli et a!., 1992) or substratum composition (as in flax; see Cullis & Cleary, 1986) .
In agreement with Bennett & Smith (1976) , our findings show that genome size variations do not occur between commercial varieties of V. faba (Table 2) , and this result represents a good internal control of the reliability of our cytophotometric data. When environmental adaptation is assumed as the cause of intraspecific variation in the nuclear genome, the lack of this variation between commercial varieties may be explained by the reduction of environmental selective pressure due to a standardized cultivation. Moreover, commercial varieties are genetically stabilized in order to maintain agronomically favourable phenotypical characters. Quantitative variations in the nuclear genome may play a role in environmental adaptation by affecting developmental dynamics at the cellular and organismal level through nucleotypic effects (Bennett, 1985) . Table 4 and their genome size. 
